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AUS tXAlT OF 7)) \i DISCLOSURE 
An u.1ectTO<le device I'or e tcctricatly hbfti.in£ underground 
deposits of hydrocarbons such as oil .sand or oil sbnlo. Plural 
veil pipe sections arc joined through >ju r .ulate<t pipe joints with 
an electrode connected through one of the insulated pipe joints 
i to a lotver one of the pipe sections. Each of the insulated pipy 
joints includes a first tubular tneenber having a flange portion 
at otio fcnd thfcTKof, a second tubular member having a cap portion, 
at one end ifhich is received in the f J an go portion of the first 
tubular member with a gap therebetween , and an insula tin £ member 
10 disposed in the gap lor hermetically coupling tlic first and 
second tubular members 2t*d for electrically insulating first 
and second tubuler mombQ^s from one another. 



CLivCTROOE DEVICE FOR K^BCTRICAGLY HEAT TNG 
UMDliKCJItDUND DEPOSITS OF HYDKOCAHROHS. 

BACKGROUND OF THE INVENTION 
The present lrryontion relate; to an electric device 
used to electrically heat imti or ground deposits of hydrocarbons. 
More specifically, the present invention Telates tu an electrode 
5 d&vice which is used to supply eloctrica.l power to an underground 
deposit thereby to heat the hydrocarbons present in the deposit 
to cause them to have a :lipi^r viscosity and higher fluidity in ordeT 
to mors easily remove' thera from the vet J . 

Tho term 11 hydro carbons" ss used Iiereinztfter means 
10 ■ petroleum or oil, bitumen corttainud in oil sand [also called 

"tar saijd 11 ) and kerogen contained in oil shale * These will all 
be referred to es 11 oil M for simplicity. 

If the oil in the underground deposit Has sufficient 
fluidity, it is possible to extract the oil through the well 
15 eithar by gas pressure coexisting ir* the oil layer or by forcing 
a liquid such as brine into oris well to forco the oil to flow 
out of another well. Ho«dvsr, should the underground oil havo 
low fluidity, it cannot be extracted until the oil is made mora 
fluid, k general method of mating the oil fluid is to heat tho 
20 oil thereby to lower the viscosity of the oil. The temperature 
suitable for this is different for different types of oil. 

There have hcveji proposed as oil layer heating methods 
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the iajection of hot water or water vapors at a high temperature 
under a high pressure, supplying electrical power to the 
underground deposit, underground combustion in which the under- 
ground oil layer is ignited vrith a supply of niT so that it may 

S be burned, and the jise of explosives. The last two methods are 
difficult to con-tTDi no that -they are pot in gano:ral *usb. 

According to the method of injecting the hot water or 
water vapor at a high tempera turo and under a high pressure, 
the oil layer is heated to enhance the- fluidity of the oil to 

10 * cause the fluid oil to flow out to the ground surface. If, how- 
ever, some regions of the oil deposit have a low -resistance to* 
the flow of hot water or water vapors or there are voids in the 
oil layer, the water or vapors may collect in these regions and 
fail to diffuse throughout the whole layer. Moreover, if the 

15 oil layer is solid and dense, the hot rater or its vupors will 
again not diffuse so that the oil layer cannot be heated. 

Heating by the supply of electrical power is performed 
by drilling a plurality of wells in the oil layer and "by establish 
ing potential differences between electrodes disposed in the 

20 wells so that the oil layer is heated by its resistance to the 
electrical current which flows therethrough « This technique Is 
advantageous in that the oil layer can be vholly heated with ease 
even if it has voids or is solid and dense. However, another 
device is required for pumping up.: the fluid oil* 

25 For improving the oil producing efficiency » there has 
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further been proposed a [not hod which includes a first Step of 
heating the oil lay or by electrical resistance heating and a step 
of injecting hot water or water vapors at a high te/nperaturc and 
under a high pTessuro when the oil layer becomes soft while con- 

5 timiihg the heatirfg so thHt the resultant fluid ail may he pumped 
out. In order to efficiently heat the oil layer s Uid electrode 
device must be sufficiently electrically Insulated thHt the leak- 
age of electrically current into underground portions other than 
the oil layaT is avoided as much as possible. Tho electrode de- 

10 vies 5..s also required to be iuihrcakable with respect to the under- 
ground soil pressure, the pressure of tho vapors which are gener- 
ated by the heating operation, and the pressure of injecLed hot 
i?ater ox hot high pressure water vapors. The electrode dovic« 
Is further required to be free from leakage of hot vfater or hot 

IS high pressure water vapors. 

In order to explain, the electrode device of this general 
type more fully, an example in which the oil is extracted from 
oil sund will be described- 
Oil sand, also called "tar sand", is present in large 

20 quantities in Canada,, Venezuela and the -United States. 

The oil in the oil sand is typically mixed with brine between 
sands in deposits. Moreover 3 it typically has such a 
remarkably high viscosity that it has essentially no fluidity 
in its natural state. A deposit of the oil sand may be 

25 partially exposed in a valley or at the banks of 
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a river but ii< most ox ten located ©nttrely under ground at a 
dapth-of 200 to S00 m wh-ilR having a thickness of several tens 
Of: .meters, towe to consideration Of economy timd environment*! pro- 
tection, it is n^CftBBaiT to separate oat the. oil underground and 
to extract only the oil fron the well. Moreover, sines the 
extraction of oil from a shallow underground layer is accompanied 
by a danger of subsidence, it is desirable to oxttact oil only 
from underground layers )yirwj deeper than 300 m. 

Further aspects of the background d± the invention and 
the .Invention o.f the present application are de Escribed with 
the assistance of the accompanying drawings in* which t 

Vlg. 1 ia a schematic sectional view showing a 
convent tonal prior art installation of the general type with 
vhich the invention is utilised f 

1/ig* 2 is ei cross -sectional, view of an insulated pipe 

}oint ot the invention; 

Pig. 3 is a orose-aec-tional View showing savor al joined 
pipe sections, an electrode and insulate* pitf* joints in accordance 
with the invention; and 

Pigs". 4-7 are a* scries of cross -sectional views 
illustrating the use of. inBulating coatings in accordance with 

the invention - 

Fig. 1 illustrate* the" heating of an oil sand layer, 
by electrodes couplud to a power supply. In fig* l, reference 
numerals 1 and 11 indicate main guide pipes made of steel , 2 
and" 12 indicate insulators joined to the main guide pipes 1 and 

11, 3 and 13 .indicate electrodes joined to the insulators 2 and 

12, part-orationa are formed in the electrodes 3 and 13, and 4 and 
14 indicate cables for feeding an electric current to the ele- 
ct rodas 3 and 13. This assembly is hereinafter called together the 
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* electrode device". Referepra nitrtexul 5 indicates a power 
aftuL'tfC, 6 indxc^tftB an oil sand leyer , 7 indicates an oleotric 
currurtt flovinf? betveen the el.cn troda» 3 and 13, B indicates the 
grouucS surfuM, S indicates an overburden layer,, and 10 in~ 
dicates a layer below the nil scmcl layer, 

Vflien a voltage is applied to the electrodes 3 and 
13 which arc buried, in the oil Band layar 6 fxom the power 
source 5 through the cables 4 and 14, tho current 7 flows in 
accordance with the electric res I ? Uance of the oil Band layer 
6 as a result 
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gf which the oil sand layer 6 is heated by Joule or resistance; 
heating, Although, the current 7 paztaally flows into the over- 
Burden lay or 9 and* the layer 10, the leakage is maintained at a 
low level because the insulators I and 12 are Interposed between 
the main guido pi.pes 1 and ll and tho electrodes $ and IS. After 
the oil sand layer G has been warmed r the power supply is inter- 
rupted. Hot water or water vapoTS* at a high temperature under 
a high pressure are then forced from the upper inlet" of Cnu me* in 
guide pipe I of the electrode doyice and flow through the oil 
sand layer 6 until they come out of the other main guide pipe • 
21 carrying the oil r Jji order to improve the flow ratas of the 
hot water or the hot pressure water vapors, perforations are 
formed in the electrodes 3 and IS. 

Since the upper portions of the insulators 2 and 12 
are connected to the main guide pl^es 1 and 11 and the lover 
portions are connected with the electrodes 1 and 13 t a down- 
ward tensile stress is always applied to the insulators, Mote- 
over, since the amenably can be at a temperature as hi&h as 
ZSO^t: to SOO^C, the insulators should bo ahl.e to withstand such 
temperatures. Also, since the insulators 2 and 12 are buried 
underground as deep as several hundred maters with the electrodes 
S and 13 suspended from thcxT Lover ends Kith the upper ends 
thureof connected to the main guide pipes 1 and 12 „ the insulators 
1 and 12 will almost certainly contact or collide with the well 
walls vhilo they are lowered into the well. Because of the 



groat total v/eifcht, any slight contact will impose a hi^h mecha- 
nical iropact upon the insulators 2 and 12* Therefore, the 
insulators 2 and 12 aTc required to be able to withstand anticipated 
levels of mechanical impact. 

5 in an electrode device which heats an oil sand layer 

when ii Is supplied vith an electric current, a major problem is 
that the electric resistance in the oil sand layer is approximately 
equal to the overburden layer. Since these electric resistances 
differ depending on place and conditions, the/ cannot penexaily 

10 be precisely stated. However,, avorage values axe lOuft-m for 

the oil sand layer and Itffl- ISOa-m Tor the overburden layer. As a 
result, if ati electric current is supplied to two electrode devices, 
which Are constructed by connecting electrodes to guide pipes made 
of steel pipes and by disposing those electrodes in the oil sand 

IS layer, raOiSt of the current will be consumod in the overburden 
layer. In order to avoid this problem, it is necessary either 
to cover the surfaces of the guide pipes Tfith an insulating coating 
or to Insulate the electrodes from the guide pipes. 

Various attempts have been made to provide insulators 

20 wKich satisfy the afore rae tuiosied requirements. In one such 
attempt, flanged tubular Members made of metal arB coated with 
an organic resin which provides a high resistance to hea.t^ An 
appropriate material is polytetraf luoroethylene res in (for example 
"Teflon™" -which ii trade name of du Pont) . With this 

25 cons traction > insulating members are provided which are 

satisfactory in their ability to withstand a suspending load 
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and mechanical i.mpact forces. However, it bus proved quite diffi- 
cult to coat the flan^© portions satisfactory with The insulat- 
ing Qiaterial. Moreover, even if satis factory insulating char- 
acteristics- arc provided at tuvm tooiperatyre, the insulating 
5 coating has a tendency to separata, especially around tho flange 
portions, duo to repeated t hernial expansion and contraction 
such hs is typically ^countered in normal operating conditions k 
If the insulation coating is brolcon or caused to flake off, the. 
insulators thus produced bccoiitc useless, 

30 Tn 3 second attempt, porcelain malarial has been used 

for forming the insulators. However, it is also necessary in 
Constructing the insulators to take into account the requirement 
for providing water and oil tight characteristics with respect 
to the connection between the main £uide pipes 1 and 11 and the 

15 olottrodes 3 and 13 as trull as between the insula ting member. 
Tho connection has generally been made by shrink fitting metal 
pipes on the outer peripheral surface of tht* porcelain pipe and 
then connected with other metal pipes ordinary techniques such 
as welding or attachment with holts. With this construction, 

20 although the wall or oil tight, characteristics may bB acceptable 
at room temperature, the strength of the shrink- fitted joints 
tends to drop as the temperature is increased sc? that the abi- 
lity to support the suspended load is correspondingly lowered. 
Moreover, breakage of the porcelain may taken place as a result 

25 of the stress imposed upon tho leading end portions of the shrink- 
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fitted areas. Xn order to eliminate such drawbacks, there has 
be ert proposed the use of a porcelain pipe having ends formed 
as fjjinge portions with the fl anga portions fastened to metal 
pipes with packings interposed between the contact surfaces. 
5 With this coTi.structi.on> the aboi^c- stated retirements are met 
at room temperature. However T the water and oil tight scaling 
tends to dctuTtorate upon repeated thermal expansion and con- 
traction. Moreover, porcelain intrinsically lacks strength 
against mechanical impact farces. Thus, it has a high tendency 

10 to be broken by & mechanical impact force such as is ordinarily 
encountered while tho assembly is lowered through the well. 
Thus, the provision of a porcelain insulator suffers from the 
unavoidable defect that there is a high tendency of breakage. 

Yet further, insulators foimed of organic polymeric 

IS compounds have been proposed. Although such compounds may have 
a. high strength at room temperature and zlv© quite good electrical 
insulators, most of the compounds of this general class are not 
particularly heat resistant, Spf*ci f i cally,very few compounds 
of this. type am known which are resistant to hot water or t/a tea- 
vapor aL high temperature and under high pressure* 
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SUMMARY OF TH£ _TN I VB N TFQN 
In accordance with the* invention, there is provided 
an electrode device f.or electrically heating underground deposits 
of hydrocarbons including a plurality of well pipe sections, 
5 an electrode adapted to be disposed in an underground deposit 

of hydrocarbons £or supplying an electric current to the under- 
ground deposits, a plurality* of insulating pipe joints exch 
Including a first tabular member having a flange poTtion at one 
end thereof, a second tubular member having a cop ponion at 

10 one end thereof adapted to bo received in the flange portion 

of the first tubular morabgT with a gap therebetween and an in- 
sulating member disposed in the gap between the flange portion 
and the cap portion for hermetically coupling the first and 
second tubular members while electrically insulating them from 

IS One another and with the insulating pipe- joints he\ng used to 

couple* at least some of the pipe sections together and the elec* 
trade ta cine of the pipe sections, and a cable connected to the 
electrode cot supplying an electric current thereto. 

At least SCxfte of tho insulating pipe joints can bo 

20 interconnected. The insulating member of each of the insulated 
pipe joints includes a first Insulating portion disposed in the 
gap bett/ecu the flange portion in the tap portion and second 
insulating portions disposed adjacent inner and outer surfaces 
of the tubular members with the first and second Insulating por- 

25 tions being formed integrally with each other- Preferably, the 
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1 insulating member uf each of the? iji&ulated pipe .joints JR»<i» 
of a gluss-jraica molding formed Croia yjowdcrs of glass and raica. 
An insulating coating may be provided on at least ti portion of 
the outer- furnace of the insulated pipe joints:. This coating 
may be a resin of polytotrafluoroutkylcsiu , & resit) of dxphenyl 
oxide. Moreover, a protective layer of insulation can be 
proyided around at least, a portion of the insulating coating. 
Vhe protective layer may be an inexpensive materia 3. auch as 
polyethylene, polypropylene- or polyvinyl chloride. 

10 Further objects and advantages of the invention will 

appear from the following description taken together with the 
Accompanied drawing b. 

in accordance with the invention, there ic provided 

an electrical nesting electrode device which ±9 entirely froa oL 
the above-Mentioned drawbacks* A preferred embodiment o£ 
the olectrodo device of the invention vill be described in detail, 
EirBt with r afar once to Fig. 2 which shows & cross- sectional 
view of an insulated pipe joint 21 Which is utilised With the 
2,0 electrode device of the invention. 

The pipe -joint generally decimated 21 in Figure 2 
comprises four basic elemental 

a fir&t tubular member 27, a second tubular member: 33, 
a cylindrical sleeve- like, cover member 2$, and an insulating 
irtembor 35. 

'fhe fir at tubular jnoiubex 22 comprises & cylindrical 
tubular portion 23 with a radially outwardly extending flange 
portion 24 at a lower Gild U£ ehoWn. 

The cecono* tubular member 33 comprises a cylindrical 

30 

tubiilar portion 30 vith a radially outwardly extending hub portion 
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1 25 at an upper end uhown* The intoxior diameter of tubular 
portion 30 of th£ second tubular member. 33 5.3 show idR.ati.cal 
to the interior diameter, of tubular portion 23 of the first 
tubular, member 22. 

Hub portion 2!> of the. 2nd tubular member 33 is- provided 
with an internal annular recess 31 a& £ht>vn. Huh portion 2 5 
is also forovided ^ith external thread b 32 which mate vith 
threads 29 .on cover member 29 to fee described. 

Sleeve -like covet" member 2S comprises a cylindrical, 
10 tubular, drum-like portion 26 with internal threads. 28 at one. 

lover end as shown in Figure 2 and a ra&ial3y inwardly extending 
cap portion 27 at the other upper end. As sbovm, tubular portion 
26 has a lftrgor internal diameter that the external diameter 
o£. flange portion 24 of the first tubular member 22 bo as to 
provide a gap therebetween to be occupied by insulating member 
35- Cap portion 27 of cover member 29 has ein internal diameter 
larger than the external diameter of tubular portion 23 of the 
first- tubular member 22 so as to form a gap therebetween. The in- 
ternal diameter of cap portion 27 is smaller than the external 
20 diameter of flange portion 24 of the first tubular member 22. 

Preferably the first tubular member; 22 , second tubular 
member 33 and cover member 29 are made from steel. 

insulating member 3S include* an on.fcex cirevmf erentially 
insulating portion 36 v/hich surrounds: external surfaces of 
tubular portion 23 Qf first tubular member 22 and an inner cir- 
cumferential ly insulating portion 37 which fits inside the internal 
annular recesa 31 of hub portion 25 of the second tubular member 
33. The inner iu&ulating portion 37 has the same internal 
diameter as that of tubular portion 30 of the second tubular member 
30 33, As may be seen, insulating member 35 comprises an integral 
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j member ox tending frora portion 36 thereof to portion .17 thereof, 
integral insulating raeenbex' 35 thus space b surf acres Ol\ the first 
tubular xnember 22 from suirfarren of second tubular meraber 33 and 
cover member 29 by a gap occupied as scon in Figure 2 by insula tiny 
member 35* Insulating member 35 insulates first tubnlax number 
22 from contact With second tubular member 33 and rover member 
2£>. 

U'ith cover piernber 29 screwed down onto second tubular 
mambe.r 33 as shown in Figure 2, flange portion 24 of first tubular 
10 member a? encased by insulating member 35 is sandwiched between 
cover mojobc.r 73 and the upper end of hub portion 25 of the 
second tubulax: member 33* vhereby insulating member 35 may form 
a norma tic seal between fir&t tubular member 22 and second tubular 
jocinber 33, 

By screwing cover member 29 onto, second tubular 
member 33/ first tubular mombor .22 may be firmly, sea lab ly coupled 
to second tabular member 33 yet iiisulatively isolate, t^firefrom. 

in assembly, first tubular portion 22 may be- inserted 
throng]) cover mEmber 29 following which cover member 2<> niay be 
20 screwed dnfo second tubular portion 33. The- insvilakixig member 
35 may be. sssn to occupy a gap between the first tubular member 
22 and the cuiflb illation of. the second tubular meitibe-r 3 3 and cover 
member 29. 

Preferably, the entire insulating member is made of 
a compa&ition of glass and mica and is formed by a molding pro- 
cess. The insulating laejub^x is formed by hoaUing a mixture of 
powers of glass and mica bo a sufficiently high temperature 
that tho mixture became b fluid. Once the mixture is fluid, it 
i* pressure molded u&ijl? a rno.Ul of appropriate shape. The for- 
3° raatlon of the insulating member 35 will be deacirbod In jnorc 
de tai?.* 
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The fir fib tubular merabor 22 and th« second tubular 
member 33 are Assembled to be positioned nfc shown iu Pig. 2 nnd 
Axe the.n heated to a predefcerAlincd temperature,* The tv;d tubular, 
memburs al. the cXcvated temperature are f.ittod into a T^old. 
Kr_x;t, a mixture of glass and mica povders is prepared by pre- 
itolding the Mixture into the farm of a preliminary molded member 
of a cylindrical shape which fc'ill *il it> the* gay between the 
tubular portion 23 the first tubular member 22 and cover member 
2$. The preliminary molded Jiismber .is heft ted to a predetermined 
temperature and fitted in the pap in a he&tod condition. Next, 
a pressure is applied to the preliminary molded Member before 
it cools to force the- material of the fivAEber to i'lov; into the 
gap betwBen the- first And second tubular members and into the 
interna.l annular recess 31 iu the second tubular member 33 ~ 

For the material of the preliminary molded member, 
45 vtt% of; ylaBa potfder prepared by pulverising a glaze used for 
enamel coating steel objects, commarcially available- : as Product 
tto. 2312 o£ Kippon Ferxo, Ltd., to a eize of 2 DO mesh Mixed with 
55 wt* of mica powder Of synthetic yhlogopoite of a size of 
&b to 200 mesh. 5 w« of water is added to the resultant mixture- 
to.^e-t it *o .it can be molded. 1500 gm d± the We-tted mixture 
is molded using a cold pressure- raDldincj process to form a cylin- 
drically shaped body uaing a mold (not- shown) . Tha prcliiainary 
molded member wafj disposed in a ("brier at 120°C for two hours 
to dry it prior to its use in forming the insulating member 35* 

As described above, the covex Member 29 and tha hub 
portion 25 arc- joined by screw threads. However, the invention 
is not limited thereto as the cover member 29 ana the hub por^ 
tion 25 can be 30ined by waldincj. 

Zn an alternate embodiment , the cap portion 27 of 
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the cover roemher 29 is divided into four quadrants two of which 
a.re removed, Vh& flange, portion 24 of the- first tubular jraeinbe.r 
22 is then out vuch that the refuui nifty part oC the flange portion 
24 can fit through tht? two removed quadrants of: the oap portion 
27 so that the flange portion 24 can be located under the cap por- 
tion 27 of the cover umrober 25>. 

With the insulated P?pft noint described" above, a ten- 
sile force imposed on the <mh3s of tha joint is converted into a 
compressive force which acta betveen tbe cap portion 27 and 
Clan^e portion 24, Since the compression RLxength of the -insulating 
merabar 35 of the typo described is much greater than its tensile 
strength and since the force par unit area can bo suitably set 
by adjusting the extent of the area on which the compressive 
forces arc applied, the resulting assembly in quite strong and 
able- tD ^ith^tand high tea^ile. forc&s imposed on the ends of the 
joint. 

JVt high toinpcrature£, for instance 30Q°C, the heat 
resistant characteristics of the insulating member are primarily 
•determined by the thermal characteristics of the glass material 
uaed as the starting material. Particularly, the transition 
temperature of this material $& important, if the transition 
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temperature Is, for instance, in a range of. 550 *C to 600 D C, 
a high mechanical strength for the overall assRiabiy will be 
preserved to a temperature Df at least 3flO*C. 

Xith lospect to the roslstance to mechanical -isupact 
<; forces , the mica powder which is u.sed to form the insulating 
meippftr is composed of particles havinfc a flat shape wherein, 
the ratio of the diameter to the thickness of a single scale 
particlo is generally in a .range of 30 to 50:1, Due to the 
presence of the scale particles, the molded insulating memb or 

10 has a laminated form thereby providing it with a liifth elasticity. 
This high elasticity would not he present if the insulating 
merobor were formed only of glass powders. Hue to the laminated 
construction, the insulating member, is provided with a much 
greater resistance to repeated temperature changes and mechanical 

15 impact forces then is a prior art type of insulating member made 
of an inorganic compound , Therefore-, the insulating member 
produce* in accordance with the invention is sufficiently strong 
that it can withstand the typical impact forces which arc en- 
countered during the use* of the structure. 

2 0 Next, the construction of a preferred embodiment 

of an. electrode devico of the invention utiJisinfi the ahove- 
doscriberf insulated p.ipe joint 21 will be given with reference 
to Pig. 3, Reference numerals 1 to 4 used in Fig. 3 indicate 
similar components as those of Fig, 1. The right hand half of 

25 jig. 3 shows the completed structure of* the insulated -pipe joint 
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21- shown in the .figure, the hu-ulatiug member 2 includes 
tx-D insulated pipe joiuts 21, One end of the insulating member 
2 is connected to the pipe 2 and the other to the dcctrotle 
3. These connections may be wade hy well-known techniques such 
as molding ox by the use of screw threads. 

As, in accordance with the invention, the completed 
insula. tod pipe joint 21 has a common thvoughhole of tfln-Rtant 
internal diameter, the assembly and use thereof Is quite easy. 
For instance, the provision of the above-described partitions 
is quite simple, Of course, more than two insulated [>ij>G joints 
21 can be provided as needed. Also, one of the pipe joints 21 
can be connected directly to the pipe 1. 

7f needed, such as in the case bTino having a high 

salt concentration is used, the outer surface of the insulated 

pipe joint 21 can be covered with a coating 41 of an organic 

substance having a sufficiently high heat resistant property. 

This is shown in the icfthand paxt of Pi£. S. For example, the 

TM 

coating 41 can he formed by shrink fit daft a "TefLoti M tube. 

its daicribfcrf ah ova, in accordance with the Invention, 
tho pipes and tha otoctrodes arc connected through the insulated 
pipe joints. Tensile forces applied at the ends of the insulat- 
ed pipe joints are converted into compression .forces vhich act 
between the cap portions and the flange portions thereof. Since 
the compression strength of tho insulating' mcnibcr is much greater 
than the tensile strength thereof, the overall electrode d&vic* 
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of the invention has a tjuitD high mechanical strength and can 
withstand high pressures and strong laechanical impact forces 
so that it can be used under severe operating conditions often 
encountered in oil well application. 

S Yet further* the coating 41 and the insulating members 

2 and 12 of the electrode can be formed from other materials* 
To determine what materials are best for th^se members, tests 
v/ere conducted to investigate the resistance of various organic 
polymeric compounds to hot water and v/ater vapor at high ternpoTature 

10 and under high pressure. . The compounds investigated are listed it* 
Table l herein* 

Regarding the tests, test pieces of each of the materials 
were placed in quartz test tubes filled with pure water. These 
test tubes were placed in a 2 -liter autoclave containing pure 

15 water. The autoclave was held fit 280° C at an internal pressure 
of 6fi kg/cm^ for a period of 10 days. The autoclave was then 
cooled to a room temperature and the test pieces vstd checked for 
appearance. The results arc presented in Table 2 from which it 
Citn bo seen that hot v/ater and steam had ft much more adverse effect 

20 th&n dry heat. Of the materials tested* only oolytetraf luoroethylene 
resin and diphenyl oxide resin were acceptable. 

A treating of icater. and steam resistant resin can be 
formed ground the pipe 1 by repeatedly applying coatings of the 
Material and baking the assembly until the desired thickness is 
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obtained. AJso, a coating of the heat Tcsistant reisn can he 
fo rifted by first preparing a tube of the resin naving an Inside 
diameter slightly larger than the outside diameter of the pipe 
lt.and then slipping the tube over the pipe 1, If the resin 
5 is in the form of a sheet or tape, it may be ™>und directly around 
the pipe 1 and then fusion -bonded if necessary. As described 
above, a heat -shrink able tube of polytetraf luoroethylcme can 
bo slipped over the pipe 1 and heated to fit it tightly to the pipe. 

As discussed above , whor* the assembly including the 
10 electrode Is inserted into the oil well, there is univoidablo 
contact .with the inner wall of the well so that the heat 
resistant Insulating coating may be damaged* To prevent this, 
protective coating of insulation 16 may be formed around the 
insulatiou 15 as shown in Pig* 5. Since the- protective coating 
XS of insulation 16 may ™* lt * r collapse if the electrode is 

exposed to hi#h Temperatures, it can be made of an inexpensive 
material such as polyethylene, polypropylene or polyvinyl chloride. 

Typically* the total length of the guide pipe 1 is 
200 to 500 m. However, a single section of the steel pipe that 
20 makes up the futde pipe 1 is only about 10 nt in length, Vo join 
the pipe sections, each pipe section is provided with a taper 
thread on one end and the pipe sections are joined by screwing • 
them together. An insulating coating must also be formed around 
the joined pai'ts of the pipe sections and ot\ the surface of the 
25 coupling. To accomplish tills, as show* in Fig, 6, steel pipes 
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1A and lb are covered with the coaUag of heat resistant insulat- 
ing material 15A aiid 1FB and arc joined by a coxipling J-?* A 
coating D f heat resistant insulation 15C is formed stoW the 
coupling extending into adjacent areas, A heat-shxinkable tube 
of a pDiytetrafluDroethylene is particularly suitable in this 
case. 

To protect tha insulating coatings fro™ direct contact 
vith the inner wa2l of the well* sto*! pipe sections lA and IB 
covered with the coating of heat resistant insulating material 
1.5A and 15 B and protective coatings of insulation ISA and 16B 
are first joined through the coupling 17, Thereafter, the coupling 
16 is coated with the heat resistant insulation 15C and then a . 
layer of 16C if formed around the coupling and in the ad j anon t 
areas as shut/a in Fig, 7. 
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1A 2nd ifc are covered with the coaUng of heat resistant insulat- 
ing material 15A and 15R and arc joined by a coupling 17. a 
coating of heat resistant insulation ISC U formed aTDunrf the 
coupling extending into adjacent areas. A heafc-shx inkable tube 
of a od! y tetrafluoroe thy lene is particularly suitable in this 
case. 

To protect tha insulating coatings from direct contact 
with the inner wail of the well,, steel pipe sections ia and IB 
covered with the coating of heat resistant insulating material 
ISA and 15B and protective coatings of insulation 16A and 16B 
are first joined through the coupling 17, Thereafter > the coupling 
16 is coated with the ht>»t resistant insulation 15C and then a 
layer of 16C if forme-H around the coupling and in the adjacent 
areas as shucm in Fig, 7. 
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Table 2 



Sampl e A ppearance 
A OK, 

B Turned into a Iirop, 
C Po, 
]} ' Collapsed 
El OK. 

F Bo* 

G * Tamed into a lump. 

H Glass whitened 

(Resin csune sp^rt) 

I Do, 

J Do. 
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WHAT IS CLAlKUl) 1\S\ 

1. An electrode device for electrically heating under- 
ground deposits of hydrocarbons comprising: a plurality of ke>11 
pipe sections; an electrode adapted to ho disposed in an under- 
ground deposit of hydrocarbon* for supplying an electric current 

5 to said underground deposit; a plurality of insulated pipe joints; 
each including a first tubular member having a flan^t; portion 
at one end thereof, a second tubular member having a cap portion 
at one cud thereof adapted to be received in said flange portion 
of said first tubular member tfith a jtajj thumbctwoon, and an 

10 Insulating member disposed in said gap he tire an said f 1 angR/por- 
tion and said tap portion for hermetically coupling said Hrst 
and second tubular member and for electrically insulating said 
first and second tubular members from one another, said insulated 
pipe feints being operativcly disposed to couple at luast some 

IS of said pipe sections and said electrode tfbile electrically 
insulating said at least sojiu; of said pipe suctions and said 
electrode; and a cable connected to said electrode for supplying 
an electric current to said electrode* 

2. The electrode device as set forth in claim 1 wherein 
at least some of said insulated pipe joints are Interconnected. 

3. the electrode device as set forth in claim 1 therein 
said insulating member, of each .of said insulated pipo joints 
comprises a first insulating portion disposed in said gap between 
said flange portion apd said cap portion, and second insulating 
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portions disposed adjacent inner and outer surfaces of said 
tubular members > said first and second insulating portions 
being formed integrally with each other. 

4. 'flic electrode device as set forth in claim 1 therein 

said insulating member of o*ch of said insulated pipe joints 
is made of a glass -mica molding forced from glass aivd mica 
potfders . 

S* Tho eLcctrod© device as set foTth in claim 1 further 

comprising an ansuUting coating profided op at. least a portion 

gf an. Outer surface of said insulated pipe joints. 

6. The electrode dovieo as set forth in claim S. wherein 

said insulating coating isipoiytetrfifl.uorDDtbj'lene , 

f 4 The- electrode device as set forth in clalin 6 v/heruin 

said insulating coating comprises a resin of thermally shrinkable 

nolytetrafluoroethylene, 

r. The electrode device as set forth in claim 5 ^heroin 

said insulating coating comprise? a resin of dipbenyl oxide. 
9, The electrode dsrice as set forth in any of claims 5-7 

further comprising a protective layer of insulation .upon at : ••* 
least a portion of said insulating coatings 

XO. xhc electrode devicD as set forth in any of claims £-7 

further comprising a protective layer of insulation upon at 
least a portion of said insulating coating, said layer of 
protective insulation comprising a material selected from the 
group consisting of polyethylene, polypropylene and polyvinyl chloride, 
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11, An clfcittrodo c]ov.u:r for oloctr^cally heating unclcr^ 

ground deposit b Df hydrocarbons comprising a plurality ot inter- 
connected wftll pipe sections, an c-lootrode adapted to be disposed 
in an underground depart of hydrocarbon* sullying electric 
current to said under ground deposit, at least on© insulated pipe 
joint including a first tubular utertber comprised of a well pipe 
section having u flaiigC portion at one Gild thereof, u Second tubu- 
lar member complied of; said electrode di^poflftd in alignment 
with sAid firtrt tubular member, a cOyi>r member carried by saf.d 
Eftcond tubular, nicntibtir having □ cap portion at one end thereof 
disposed in overlying relation to amid flange .portion above 3 ft Id 
first tubular jnomb&r w?.fch a gap thereb^-tween , an insulating member 
disposed in bald gap between said fl&ngo portion and aaid cap 
portion "for hermetically coupling said first and second tubular 
member nnd for electrically in bu lating said first and second 
tubular members from one another, cable means connected to said 
eleotrocta for supplying *n electric current to a aid eloctxode and 
an Insulating coating provided on *t least an outer surface of 
ixaid Xne^lating pipe joint* 




